A comprehensive and long-range monitoring of genetic testing is ongoing in Italy starting from 1987. The data collected by the last survey of year 2004, on behalf of the Italian Society of Human Genetics, included the activities of 88 clinical centres and 160 cytogenetic and 183 molecular genetic laboratories, hosted by 256 structures. Only 42% of them fulfilled the requirements of current Italian legislation. Genetic tests included 283 601 cytogenetic analyses. There have been 120 238 invasive prenatal samplings, 84% of which were amniocenteses. A significant north-to-south decreasing gradient was evident for all activities. This study has also surveyed 190 610 molecular genetic tests. CFTR gene analysis accounted for 23% of prenatal and 29% of postnatal molecular tests. In total, 420 different genes have been investigated, 10 of which comprised three-quarters of the whole activity. More than 10% of molecular tests were performed on fetal samples, the analysis of CFTR, DMD, FMR1, FMR2, and GJB2 genes accounting for 83% of all prenatal tests. In years 1997 -2004, the demand of cytogenetic tests has increased two-fold and that of molecular tests has increased four-fold. Only 16% of cytogenetic and 12.5% of molecular tests have been followed by genetic counselling. This survey highlights the need for a major basic intervention in the general organisation of genetic structures in Italy, which should be rationalised in accordance with the national guidelines, and the necessity of constant training of general practitioners and education of consumers to the appropriate use of genetic testing.
Introduction
Genetic testing is the major translational product of genetic research into practical medicine. The request for genetic tests has dramatically increased over the past 20 years, in parallel with the expanded knowledge on the biological mechanisms underlying human diseases. At present, in addition to chromosome anomalies, more than 1500 genetic disorders can be tested at the molecular level. Thus, the use of such tests reflects the advances of genetic research and the changes in medicine and in the human health market. To manage this impressive transformation, some countries, including Italy, have developed guidelines regulating the activities of clinical and laboratory genetic services. In particular, an agreement between the Ministry of Health and the 20 Italian Regions has been established on 15 July 2004, to set roles and functions of genetic departments and laboratories, with major emphasis on the autonomy of these structures within the National Health System. 1 The Italian Societies of Human Cytogenetics (AICM) and Medical Genetics (AIGM), which merged into the Italian Society of Human Genetics (SIGU) in 1998, started monitoring genetic testing in Italy in 1987. The first four surveys (years 1987, 1989, 1991, 1994) 2 -5 collected information concerning only cytogenetic tests, whereas surveys of years 1995-1996, 1997, 2000, 2002, 6 -11 and 2004 gathered data on both cytogenetic and molecular tests. The last four surveys were carried out by rather homogeneous criteria, thus obtaining specific information on the transformation occurring in Italy from 1997 onwards, with respect to genetic testing availability, organisation, and utilisation. This report summarises the genetic activities performed in Italy during the year 2004 and provides an overview of the changes that occurred over a 7-year period. Data were collected on a nationwide basis by the CSS-Mendel Institute in Rome, on behalf of the SIGU.
These results provide useful information to ponder on the availability and the use of these medical resources and to encourage a critical evaluation, which will benefit future genetic services planning and, in a more general perspective, genetic testing activities.
Methods
Data surveyed in 2004 were collected from the Italian genetic structures notified by universities, general and research hospitals, and private laboratories and listed in the SIGU database. Moreover, additional genetic testing services were identified through an Internet search and validated by qualified experts. Genetic structures were not required to fulfil any quality standard in order to take part in the survey.
Data were loaded online by each participating centre, which accessed the SIGU website through a private username and password assigned during the registration process. Each laboratory was asked to complete five forms, including personal data, cytogenetic, molecular genetic, immunogenetic, and clinical forms. Data collected included number and type of processed analyses, reason for referral, related clinical activities, and number of personnel employed.
Although the participation to this survey was voluntary, we estimate that the obtained data covered at least 95% of the national genetic testing activity, based on the high response rate, and all centres included in previous surveys also participated in the 2004 survey. Collected data were not subjected to verification; however, it is worth to note that two regions (Lombardia and Emilia Romagna), which independently performed similar surveys, gathered information comparable to our study.
The four past consecutive surveys (from 1997 to 2004) were performed adopting standardised criteria, thus allowing an accurate evaluation of the changes that occurred in the genetic testing services in Italy.
Results
The living Italian population in 2004 accounted for over 58 million individuals and the newborn population 562 000.
The survey of year 2004 has monitored the activity of 88 clinical centres and 160 cytogenetic and 183 molecular genetic laboratories (including 10 immunogenetic laboratories), hosted by 256 structures. Only 42% of them fulfilled the requirements of the current Italian legislation, which commits genetic testing to specialised medical genetic laboratories. Therefore, 58% of genetic testing was performed by other service providers, including clinical chemistry, immunology, haematology, histopathology, and oncology departments. In addition, only 41% of the structures were certified according to the ISO 9000 -9002 certification. Thirty per cent of the genetic structures were affiliated to universities, 27% belonged to general hospitals, 12% to research hospitals, 11% to local health services, 16% were private organisations, whereas 4% had a different affiliation. Concerning the territorial distribution of the genetic structures, there was a consistent north-to-south decreasing gradient, with about half of them being located in the eight northern regions and the remaining structures in the 12 central, southern, and islander regions (Table 1 ). This unbalanced distribution is supported by the lower figures of the average population served by each centre in northern Italy, compared to other regions.
There were 2372 genetic employees, of whom 56% were graduates (36% biologists, 16% medical doctors, and 6% with other degrees). Temporary employees made up 27% of personnel.
The total number of genetic tests performed in the year 2004 is summarised in Table 2 . Figure 1 provides a review of the different cytogenetic analyses. Out of 283 601 cytogenetic tests, 51.7% were prenatal. There had been 120 238 invasive prenatal samplings, of which 84% were amniocenteses, 15% chorionic villi sampling (CVS), and about 1% fetal blood samplings. Regarding postnatal chromosome analyses, 82% dealt with constitutional cytogenetic and 18% with cancer cytogenetic studies. More than 47 000 molecular cytogenetic tests had been performed, including 42% prenatal analyses. Overall, 93% were represented by FISH and 7% by subtelomeric rearrangement analyses.
About 34 and 31% of constitutional and cancer cytogenetic analyses were carried out in a single northen region (Lombardia). Likewise, 28% of cytogenetic analyses on amniocytes were performed in Lombardia, followed by Lazio (15%, central region), Emilia-Romagna (9%, northern region), and Sicily (9%, islander region). Up to 70% of CVS were performed in two northern regions (Lombardia, 48%; Emilia-Romagna, 22%). Similarly, 25% of fetal blood samples were collected in Emilia-Romagna and 23% in Lombardia. These figures are likely related to the specific technical skills of some obstetricians operating in these regions.
The survey of year 2004 has scrutinised 190 610 molecular genetic tests, of which 10.7% were prenatal diagnoses. About 53% of them were performed in northern regions, 23% in central regions, 12% each in southern and islander regions. Whereas the distribution of postnatal molecular tests confirmed a north-to-south decreasing gradient, prenatal tests were mostly located in a unique central region (Lazio, 71%). This result reflects the commercial promotion of a few private laboratories, advertising the analysis of CFTR, DMD, FMR1, FMR2, and GJB2 genes on amniocytes and trophoblast cells in the absence of any specific parental risk. In fact, the analysis of these genes accounted for 83% of all prenatal molecular diagnoses. The list of the top 10 analysed genes, covering more than 97% of all prenatal molecular tests, is shown in Table 2 . Table 3 summarises the 10 most requested postnatal molecular analyses, which represent about 70% of all tests. CFTR gene analysis accounted for 23% and was mostly connected with infertility screening, whereas the analysis of three genes involved in trombophilia (factor V Leiden, FGA, and MTHFR) accounted for 25%, and HLA for 9% of all tests. The major indication to HLA testing was disease-association studies. In total, 420 different genes have been investigated.
Interestingly, private laboratories performed 6.5% of postnatal cytogenetic tests and 5.5% of postnatal molecular tests (Table 4) . These numbers well correspond to the territorial prevalence of such private structures. Conversely, the figures related to prenatal tests were consistently different, with 23% cytogenetic and 56.6% molecular genetic tests carried out by private organisations. Finally, the clinical genetic structures performed 52 599 genetic consultations, including dysmorphisms (19%), Mendelian disorders (15%), prenatal chromosome anomalies (13%), and mental retardation (10%).
In agreement with the Italian legislation, it is expected that genetic testing should be accompanied by information and followed by genetic counselling, when indicated. However, only 16% of the total genetic tests and 12.5% of molecular tests have been followed by genetic counselling. This means that a large proportion of genetic testing in Italy is performed without proper information, mostly because of the lack of specialisation in human genetics of many services.
Discussion
The number of genetic structures providing clinical and laboratory services in Italy is impressive and, as far as we know, it has no equivalent in Europe. This anomaly reflects the historical absence of programmes related to the genetic activities in Italy, which has resulted both in an excessive number of diagnostic laboratories and a non-homogeneous territorial distribution. Nevertheless, it is difficult to understand why the number of genetic laboratories has continued to expand also in recent years (233 in 1997, 431 in 2004) despite the SIGU recommendation, which have urged health-care providers to review the network of structures and to reduce their number, in order to improve the quality, cut the costs, and expand the list of available services. It is likely that the lack of any interregional coordination has been a major drawback to delivering of this quite obvious action. The number of cytogenetic tests has doubled from 1997 (141 046 analyses) to 2004 (283 601 analyses). Invasive prenatal tests have increased up to about 120 000, with a minor increase during the last 2 years, which suggests that this activity has probably reached a plateau, with about one in five newborns having had the pregnancy monitored. In this regard, the absolute number of prenatal tests would appear adequate to the current figure of 20 -25% pregnant women aged 35 or more. However, about 23% of Italian women receiving prenatal tests are less than 35-year-old, meaning that, for some reason, a comparable number of aged mothers did not monitor their pregnancies using an invasive technique.
The number of molecular genetic tests has increased about four-fold since 1997 (50 367, versus 190 610 in 2004) . However, the total number of investigated genes remains rather low (420, compared to 290 in 2002), and threequarters of all analyses refer to only 10 genes. Based on these data, the network of molecular diagnostic structures in Italy should be seriously reconsidered.
One of the most impressive results in the present survey refers to the astonishing number of prenatal molecular tests, which accounts for more than 10% of all molecular analyses. As anticipated, this figure reflects a commercial activity fostered by the private health market. There is no doubt that the direct search of some common mutations, like CFTR and GJB2, in amniocytes and trophoblast cells rather than in the parental blood is in disagreement with the good clinical genetic practice, and has some negative sequels in the parents of those 2 -3% fetuses in which one of these common mutations is found.
To our knowledge, no other European country has settled a comprehensive and long-range monitoring of genetic testing at the national level, as Italy. However, there are several surveys that have provided snapshots on the state of these activities. Harris constant. 18 In general, most of these data indicate a substantial increase of genetic testing activities in the EU, along with an imbalance in the distribution of centres, reflecting the unplanned development of genetic testing in many countries. They also show that a large part of the activity is focused on diagnostic testing for a limited number of diseases, the most frequently performed tests correlating with traits and disorders with high incidence in the general population.
In conclusion, the Italian genetic testing survey addresses two major issues. Firstly, the need for some basic intervention in the general organisation of the genetic structures, which should be rationalised in accordance with the national guidelines, with the goals of providing tests of the highest quality, to link testing and genetic counselling, to cut the costs, and to widen the number of available services. These changes should be planned also in the perspective of an average 10 -30% increase per year of the genetic testing demand, according to national and international expectancies. 18, 19 Secondly, the need for constant training of the general practitioner and education of the consumer with regard to appropriate use of genetic tests, which should flank and sustain the good clinical practice. In this respect, a more sparing use of genetic tests, which should always follow specific clinical indications, must be recommended. It is likely that the genetic testing surveys carried out in Italy during the last 20 years on behalf of the SIGU have now reached the end of the line. In fact, the EuroGentest programme, a European network of excellence aimed at harmonising genetic testing services, 20 in collaboration with Orphanet, 21 a free access European portal providing information on services dedicated to rare diseases and orphan drugs, is launching in 2006 the collection of cytogenetic, biochemical, and molecular genetic testing in the EU. The set of information and the experience gathered by the Italian census and similar surveys will possibly serve as a model to start this new comprehensive European laboratory database, and contribute to speed up the process of standardising the infrastructures, tools, resources, guidelines, and procedures, which are expected to raise, adjust, and improve the quality of genetic testing in our Continent.
